days postcoitum (dpc). Consistent with this, we obprotein Suz12 on Xi. At 11.5 dpc, we failed to detect any localization to Xi domains (not shown). This progressive served Xi localization of Ring1B in the majority of cells at 6.5 dpc ( Figure 1D ). At 7.5 dpc, there was a marked loss of Ring1B enrichment on Xi mirrors the results obtained for differentiating XX ES cells. reduction, paralleling reduced enrichment of the PRC2 Ubiquitylation of Histone H2A on the Inactive X Chromosome Both Mel18 and Ring1B proteins have Ring finger domains, indicating that they function either in ubiquitylation or sumolyation pathways. We therefore carried out immunostaining experiments to determine if either SUMO or ubiquitin groups are enriched on Xi. In initial experiments, we analyzed XX TS cells. To test if the Xi domain is enriched for ubiquitin, we used an antibody, FK2, which detects both mono-and polyubiquitin chains (Fujimuro et al., 1994) . No Xi-specific signal was detected under conditions where cells are first fixed and then permeabilized (not shown). However, by reversing these two steps, a clear signal that colocalized with Xi was seen in all cells (Figure 2A ). To discriminate between mono-and polyubiquitylated proteins, we used the FK1 antibody, which is specific for polyubiquitylated proteins (Fujimuro et al., 1994) . Here, we also observed Xi signal but it was significantly weaker and was detectable in only 22% of cells ( Figure 2B ). Thus, both mono-and polyubiquitylated protein(s) are enriched in Xi domains but monoubiquitylated protein(s) predominate. No Xi signal was seen using antibodies to SUMO1 (not shown).
The stringent conditions required to expose the ubiquitin signal on Xi suggested that the epitope may be partially occluded. This, in turn, led us to consider that ubiquitylation may be occurring on a histone protein.
The core histones H2A, H2B, and H3 and also histone H1 are all known to be subject to ubiquitylation (reviewed in Zhang, 2003) . Ubiquitylated H2A (uH2A) represented a good candidate, as it is relatively abundant in higher eukaryotes, comprising 5%-15% of the total H2A. Availability of a highly specific monoclonal antibody (Vassilev et al., 1995) allowed us to test this hypothesis. As shown in Figure 2C , we observed a strong and highly specific blot analysis shows that overall levels of uH2A are very similar in XX and XY TS cells ( Figure 2E ), suggesting that the contribution of uH2A on Xi is relatively small.
antibodies to tri-meH3-K27. This provided a more reliWe conclude from this that most uH2A is associated able marker of Xi under the stringent conditions used to with sites dispersed throughout the genome. detect uH2A. Figures 1B and 3A graphs) . Similarly, we observed uH2A on Xi in XX embryos at 11.5 dpc and in primary and transformed XX cell lines representing differentiated tissues ( Figure 3B ). We cannot rule out the possibility that relatively low levels of Ring1B, Mel18, and Mph1/2, or for that matter other PRC1 proteins, are associated with Xi in these situations.
Global levels of uH2A are similar in undifferentiated ES cells compared with cells differentiated for various times, contrasting with tri-meH3-K27, which is markedly elevated in undifferentiated ES cells ( Figure 3C Chromosome inactivation is unstable and Xist RNA dependent in undifferentiated ES cells and also during early differentiation stages, whereas in more differenti- 
Ring1B Is Required for H2A Ubiquitylation in ES Cells

Analysis of later stages of ES cell differentiation illustrates that uH2A enrichment is maintained on Xi beyond
The correlation between H2A ubiquitylation and the recruitment of Ring finger proteins of the PRC1 complex the time when PRC1 protein enrichment is detectable We went on to analyze global ubiquitylated H2A levels acid-extracted histones demonstrated that uH2A levels We went on to analyze uH2A on Xi. In control experiments, we noted that Ring1B Ϫ/Ϫ MEF cells are selected against during continuous culture and that this occurs We focused on organisms for which relatively complete This indicates that deletion of Ring1A alone does not genome sequence is available to allow us to identify affect H2A ubiquitylation on Xi. However, in virus-treated putative homologs of the Drosophila melanogaster cultures, we observed that the number of cells with uH2A
PRC1 (PC, PH, PSC, and dRING) and PRC2 (EZ, ESC, staining on Xi is reduced by approximately 50%, similar and SUZ12) core proteins. to the proportion of cells in which Ring1B is deleted
We went on to determine the presence of uH2A and ( Figure 6E, bottom right) 
